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Abstract. The study aimed to investigate the effect of various antioxidants on the morphological and functional
characteristics of ovaries in pregnant Wistar rats under conditions of systemic inflammation. The experimental research
was conducted on a total of 20 sexually mature female rats of the Wistar strain, which were divided into five subgroups
with four animals in each. The rats were categorised into the following groups: a control group (no treatment), an
inflammation-induced group (lipopolysaccharide treatment), and three antioxidant-treated groups, where systemic
inflammation was induced and the females were treated with resveratrol, quercetin, or lycopene. Systemic inflammation
was induced using lipopolysaccharide, and different antioxidants were administered to the treated subgroups over a
specified period from May to June 2023. The research focused on examining the impact of these antioxidants on oocyte
morphology, mitochondrial function, and the levels of reactive oxygen species and glutathione. Results indicated that
antioxidant treatment significantly improved oocyte morphology by reducing abnormalities and restoring normal
mitochondrial distribution. Rats in the antioxidant-treated group exhibited reduced levels of reactive oxygen species
and elevated concentrations of glutathione, signalling a reduction in oxidative stress. Additionally, an increase in the
expression of genes associated with antioxidant defence was observed, suggesting an enhanced antioxidant response.
These findings imply that antioxidants can improve oocyte quality in cases of inflammation-induced oxidative stress,
offering new insights for reproductive biology. The practical relevance of this work lies in its potential application
in reproductive medicine, particularly for patients with inflammation-related infertility, where antioxidant therapies
could contribute to improving oocyte quality and reproductive outcomes
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INTRODUCTION

Oxidative stress is a critical factor in various physiological
and pathological processes, playing a significant role in the
development of reproductive disorders. The ovaries, due to
their high metabolic activity and sensitivity to oxidative
damage, are particularly vulnerable to oxidative stress, es-
pecially during pregnancy. This vulnerability is heightened
by hormonal changes and increased bodily demands during
pregnancy, which can lead to alterations in ovarian func-
tion, folliculogenesis, and the overall success of pregnancy.
Over the past few years, several studies have highlighted
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the damaging effects of oxidative stress on ovarian tissues
and its potential role in infertility and other reproductive
dysfunctions.

According to B. Bibak et al. [1], oxidative stress in the
ovaries can lead to a reduction in oocyte quality, impair fol-
licular development, and negatively affect hormonal bal-
ance, particularly the synthesis of progesterone, which is
essential for supporting pregnancy. These findings empha-
sise the importance of managing oxidative stress in repro-
ductive medicine, particularly in patients facing challenges
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during pregnancy or those with infertility issues. Similar-
ly, study by V.R. Askari et al. [2] found that the presence
of high levels of reactive oxygen species in the ovaries is
associated with decreased fertility and lower implantation
rates, suggesting that antioxidants may provide therapeu-
tic potential in managing oxidative stress and improving
reproductive outcomes.

The therapeutic use of antioxidants to combat oxida-
tive stress in the reproductive system has been a growing
area of interest. Research by V.R. Askari et al. [3] demon-
strated that antioxidants such as resveratrol and quercetin
significantly reduce reactive oxygen species levels in ovar-
ian tissues, which in turn enhances ovarian function and
improves oocyte quality. Furthermore, a study by S. Fiori-
to et al. [4] noted that lycopene and coenzyme Q10 (ubiqui-
none) may contribute to the stabilisation of the ovarian en-
vironment by mitigating the damaging effects of oxidative
stress, suggesting that these antioxidants could be useful
for improving fertility outcomes in women with oxidative
stress-induced reproductive issues.

Despite promising results, a need for more detailed
investigations into optimal antioxidant dosages, methods
of administration, and long-term effects on ovarian func-
tion during pregnancy remains. Z. Keshavarzi et al. [5] ex-
amined the neuroprotective effects of auraptene following
traumatic brain injury in male rats, focusing on the role
of oxidative stress. Their findings demonstrated that au-
raptene significantly reduced oxidative stress markers and
promoted cellular protection, highlighting its potential as
a therapeutic agent under conditions of oxidative damage.
However, their study did not explore its effects on repro-
ductive functions, leaving room for further investigation
into whether similar protective effects might apply to ovar-
ian tissue under inflammatory conditions. Z. Tayarani-Na-
jaran et al. [6] reviewed auraptene’s properties as an an-
ticancer agent, summarising its potential to inhibit tumor
growth and reduce oxidative stress across various cancer
models. While this review underscored auraptene’s efficacy
as a single-agent therapy, it also identified a lack of stud-
ies on the combined use of multiple antioxidants, which
could potentially enhance protective benefits. These sourc-
es highlight the need for additional research on the com-
bined effects of antioxidants, tailored dosages, and admin-
istration techniques, specifically in reproductive contexts
where antioxidant therapy could be applied in clinical set-
tings to improve ovarian function and pregnancy outcomes.

T. Vakili et al. [7] conducted a safety evaluation of au-
raptene, demonstrating that it exhibited low toxicity in
both acute and subacute studies on rats, thus supporting
its potential use in longer-term treatments for various
health conditions. M. Igase et al. [8] explored the effects
of auraptene from Citrus Kawachiensis peels on cogni-
tive function in a randomised, placebo-controlled study in
healthy volunteers, concluding that auraptene contributed
positively to cognitive preservation, further indicating its
antioxidant properties could benefit health beyond con-
ventional applications. S. Galluzzi et al. [9] examined the
cognitive and biological effects of citrus phytochemicals in
individuals with subjective cognitive decline, showing that
these compounds, rich in antioxidants, provided protective
effects against cognitive deterioration over a 36-week pe-
riod. Together, these studies highlight auraptene’s efficacy

in reducing oxidative damage and supporting cellular
health, suggesting a broader application of antioxidants
in physiological systems. Building upon these findings,
this study aimed to evaluate the effects of a combination
of antioxidants, including resveratrol, quercetin, lycopene,
and ubiquinone, on oxidative stress in the ovaries of ma-
ture Wistar rats during pregnancy. This research examined
effects on ovarian morphology, folliculogenesis, progester-
one levels, and overall reproductive function, contributing
valuable insights into the therapeutic potential of antiox-
idants for reducing oxidative stress and improving repro-
ductive outcomes during pregnancy, thus expanding the
possibilities for antioxidant use in preventing and treating
oxidative stress-related reproductive disorders.

LITERATURE REVIEW

Oxidative stress significantly affects egg quality and overall
female reproductive health, particularly in polycystic ovary
syndrome, and M. Abizadeh et al. [10] are investigating the
potential of auraptene to improve egg maturation, increase
fertilisation rates, and reduce inflammation in a mouse
model of polycystic ovary syndrome. Their findings indi-
cate the potential use of auraptene as a therapeutic agent to
improve reproductive function. A study by Y. Jang et al. [11]
analysed the effects of auraptene on behavioural aspects in
an experimental model of Parkinson’s disease and its abil-
ity to protect mitochondrial respiration from inhibition
and reduce reactive oxygen species The focus was on the
ability to protect against inhibition of mitochondrial res-
piration and to reduce reactive oxygen species. This opens
up the possibility of using auraptens not only in neurolog-
ical diseases, but also in the field of reproductive medicine,
as mitochondrial stress significantly affects the quality of
oocytes. M.]. Lee et al. [12] found that auraptens promote
the activation of antioxidant enzymes and improve brain
endothelial cell connectivity by mitochondrial stress and
enhance cellular function. This may be an important mech-
anism for improving oocyte maturation and functionality
during aging; E.H. Hassanein et al. [13] have studied the
role of coumarins such as auraptens in the regulation of the
Keap1/Nrf2/ARE pathway, stimulating cellular antioxidant
defences and positively affecting oocyte quality The study
by N. Akino et al. [14] highlighted the possibility, focusing
on the Sirt1/Nrf2 signalling pathway, which is involved in
oocyte aging through the regulation of cyclin B1. These re-
sults highlight the importance of molecular interactions in
maintaining reproductive health during the aging process.

Oxidative stress is an important topic in reproductive
medicine research because of its significant impact on
germ cell quality. V. Di Nisio et al. [15] investigated how
oocyte aging after ovulation impairs oocyte quality and
emphasise the importance of timeliness in reproductive
technology. They pointed out that oocyte aging, both in
vivo and in vitro, can negatively affect fertilisation success
and embryo development. C. Yu & J.H. Xiao’s [16] work fo-
cused on the Keap1-Nrf2 system, which mediates oxidative
stress and aging. They emphasised that this system may be
a target for therapies aimed at improving oocyte function
in aging women, particularly by enhancing antioxidant de-
fences. K.H. Kim et al. [17] studied the effects of GAS6 on
oocytes from aging mice. They noted that GAS6 improves
mitochondrial function and, in turn, reduces age-related
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meiotic defects. These results open new possibilities for
the use of GAS6 as a therapeutic agent to improve oocyte
quality. A. Almansa-Ordonez et al. [18] analysed oxidative
stress from a mitochondrial perspective and highlighted its
importance in reproduction. They pointed out that oxida-
tive stress leads to disturbances in oocyte energy metab-
olism and negatively affects oocyte quality and viability.
M. Khazaei & F. Aghaz [19] studied the formation of reac-
tive oxygen species during in vitro oocyte maturation and
the role of antioxidants in this process. They emphasised
that the use of antioxidants can improve oocyte quality by
reducing oxidative stress, which is essential for the suc-
cess of assisted reproductive technologies. A. Cecchele et
al. [20] investigated the cellular and molecular nature of
fragmentation in human embryos. Their study highlight-
ed that fragmentation may be the result of oxidative stress
affecting both oocytes and embryos, suggesting that new
approaches to improve embryo quality are needed.

J. van der Reest et al. [21] emphasised the important
role of mitochondria in oocyte aging by discussing the var-
ious mechanisms by which mitochondria affect fertility.
They emphasised that maintaining mitochondrial activity
is an important factor in avoiding age-related defects in
the oocyte. Oxidative stress has a significant impact on fe-
male reproductive function, and current research demon-
strates its role in poor oocyte quality and overall fertility;
in a review article, J. Lu et al. [22] discussed the mecha-
nisms of oxidative stress in reproduction, noting that an
imbalance between reactive oxygen species and antiox-
idant defence systems. A.T. Perkins et al. [23] examined
how superoxide dismutase (SOD) affects meiotic errors
in aging oocytes and showed that increasing SOD levels
can reduce the number of errors in chromosome segre-
gation. This shows that increasing SOD levels can reduce
the number of errors in chromosome distribution. This
opens up the possibility of antioxidant therapy to main-
tain the genetic stability of oocytes during the aging pro-
cess. In their review, S. Armstrong et al. [24] emphasised
the importance of techniques to maintain embryo quality
in assisted reproductive medicine, specifically for embryo
culture and monitoring They discussed the advantages of
time-lapse systems. The use of such techniques can sig-
nificantly increase the likelihood of successful fertilisa-
tion while reducing stress on oocytes and embryos.

The study by G. Bellusci et al. [25] focused on the pro-
tective role of kinase-independent inhibition in preserv-
ing ovarian reserve and prolonging fertility, particularly
in the context of cyclophosphamide-induced damage. Cy-
clophosphamide, a chemotherapy agent, is known for its
detrimental effects on ovarian function, leading to a re-
duced ovarian reserve and fertility decline. G. Bellusci et
al.[25] investigated the molecular mechanisms underlying
this damage and explored potential therapeutic strategies
to mitigate these effects. Oxidative stress and oocyte ag-
ing have significant consequences for reproductive health,
and new discoveries in this area are helping to improve
understanding of these processes. E. Fonseca et al. [26]
studied the effect of Uloritin A in delaying bovine oocyte
aging in vitro. The results demonstrated that Uloritin A
improves oocyte quality, opening prospects for improv-
ing reproductive efficiency in livestock production. Y. Fu-
rukawa et al. [27] noted that auraptens have the ability to

stimulate the expression of the neurostimulating factor
BDNF in Neuro2a cells. Such a mechanism may protect
oocytes from oxidative stress, highlighting the important
role of auraptens for reproductive health. In a study by
G. Shimoi et al. [28] it was noted that destabilisation of the
spindle assembly regulatory mechanism may cause ane-
uploidy during meiosis II in post-ovulatory aged oocytes.
This finding pointed to the importance of molecular path-
ways in assuring oocyte quality and the impact of aging on
reproductive function. D. Zhang et al. [29] analysed the role
of mitochondria in oocyte aging and noted that age-relat-
ed changes in mitochondrial function may adversely affect
germ cell quality They noted that the aging of the oocyte
is a process that occurs in the aging of the oocyte. This
suggests the need to study mitochondrial processes more
deeply as an important factor in oocyte aging.

C. Lagalla et al. [30] emphasised the importance of
atypical patterns of partial embryonic compression and
call attention to their prevalence and possible impact
on reproductive outcomes. This study underscores the
importance of analysing morphokinetic features of em-
bryonic development in order to improve protocols for
assisted reproductive technologies. H. Tamura et al. [31]
investigated the role of melatonin in assisted reproduc-
tive medicine and its effect on preventing ovarian aging.
The results showed that melatonin has a protective effect
on oocytes and improves their survival and quality, mak-
ing it a promising candidate for treatment to overcome
age-related changes. The conclusions of these studies
support the importance of antioxidant therapy and state-
of-the-art technology in assisted reproductive medicine
to improve oocyte quality and overall fertility outcomes.
Given the role of oxidative stress, such an approach may
be an important component in preventing age-related
changes in the female reproductive system.

MATERIALS AND METHODS

The study was carried out in the Laboratory of Experimen-
tal Biology of the Palladin Institute of Biochemistry of the
National Academy of Sciences of Ukraine from May to June
2023. The total duration of the experiment was 23 days. All
procedures and conditions for keeping rats complied with
the requirements of the Council of Europe [32]. The ethi-
cal principles of the included minimising stress, pain and
discomfort in animals throughout the experiment. The rats
were kept in individually controlled conditions at 22-24°C,
50-60% relative humidity, with a 12-hour light/dark cycle.
The animals were provided with free access to standard
laboratory food and water, which helped to reduce the im-
pact of external stressors on the study results.

Oxidative stress was induced using the drug “Pyro-
genal” containing lipopolysaccharide of Salmonella ty-
phi, which was administered intramuscularly. The dose
of lipopolysaccharide was 1 pg per animal and it was
administered once a week for three weeks at the rate of
0.001 mL of solution per 10 grams of body weight. The
control group received the same Pirogenal administra-
tion regimen without the use of antioxidants to ensure
comparability of oxidative stress levels. Different anti-
oxidants were used in the treatment groups. The first
group received resveratrol at a concentration of 10 uM/
mL dissolved in water, which was administered orally.
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The second group received quercetin at a dose of 0.4 mg
per gram of body weight, administered by oral probe.
The third group received lycopene at a daily dose of
0.6 mg, which was also administered orally. The fourth
group received ubiquinone (coenzyme Q10) adminis-
tered intraperitoneally at a concentration of 1.5 pM/mL.
All doses were calculated according to the body weight
of the rats. Treatment was performed daily for 23 days.
Assessment of the effect of antioxidants included the
measurement of SOD and glutathione peroxidase (GPx)
activity in liver tissues. SOD activity was determined us-
ing the nitroblue tetrazolium reduction method, based
on measuring the degree of reduction of nitroblue tetra-
zolium by superoxide radicals in the presence of SOD.
GPx activity was measured by a colourimetric method
based on the reduction of hydrogen peroxide in the pres-
ence of glutathione.

In parallel, the weight and number ofcorpus luteum
(corpora lutea), as well as progesterone levels were as-
sessed. The number of corpus luteum was measured by
microscopic analysis of ovarian tissue, and progesterone
levels were determined by enzyme-linked immunosorbent
assay. These parameters were included to determine the
potential link between the enzymatic activity of antioxi-
dants and physiological changes in the reproductive sys-
tem. The measurements were performed using a UV-Vis
spectrophotometer (model X, Spectronic Instruments,
USA) according to standard protocols. Statistical analysis
of the results was performed using analysis of variance
to determine differences between groups. The Tukey’s
honestly significant difference test was used for pairwise
comparisons, and the results were considered statistically
significant at a level of p<0.05. This experiment ensured
strict adherence to ethical principles, which guaranteed
the humane treatment of animals, as well as the scientific
reliability and correctness of the results.

RESULTS

The study examined the effects of antioxidant therapy on
ovarian health across two age groups of rats: middle-aged
and those in mature reproductive age. The analysis focused
on evaluating antioxidant enzyme activities — specifically,
SOD and GPx as well as the oxidative stress markers and
reproductive parameters of ovarian function in rats treated
with various antioxidants (resveratrol, quercetin, lycopene,
and ubiquinone). Each parameter was analysed to under-
stand the impact of oxidative stress, induced using pyroge-
nal, and the comparative effectiveness of each antioxidant
on mitigating this stress in both age groups.

Figure 1 presents the baseline data for the number and
mass of ovarian follicles and corpora lutea across the ex-
perimental groups. In Group I, the ovarian mass averaged
72 £5 grams, with 45 £ 3 follicles and an average follicle
diameter of 8.5%0.4 mm. Group Il showed an ovarian mass
of 68 4 grams, 40 +4 follicles, and an average follicle di-
ameter of 7.8+0.3 mm. In Group III, the ovarian mass was
75+ 6 grams, with 48 +5 follicles and an average follicle
diameter of 9.1 0.5 mm. Finally, Group IV recorded an
ovarian mass of 70+4 grams, 42 + 3 follicles, and an aver-
age follicle diameter of 8 +0.2 mm. These specific values
provide a detailed comparison of reproductive parameters
among the study groups. It reveals that the middle-aged
rats displayed a general reduction in follicle number and
ovarian mass, which is indicative of age-related decline in
ovarian function. When subjected to oxidative stress, both
age groups showed a marked decrease in follicle count and
ovary mass compared to control groups, with the most
pronounced effect in the middle-aged rats. These results
provide a clear baseline for assessing the impact of antiox-
idant therapy on reproductive parameters.

In Figure 1, the mass analysis of the ovaries is provided
for both age groups, highlighting the differences in ovarian
weight across antioxidant-treated groups.

—— Ovarian weight, mg
100 4 —#— Number of follicles, pcs.
—— Average diameter of follicles, pm
80 1
2 601
k=
8
=
401
20 A
| o = - —a
Control Resveratrol Quercetin Group Lycopene Coenzyme

Figure 1. Data on follicles and ovaries

Source: created by the author

Middle-aged rats generally displayed lower ovarian
mass under oxidative stress conditions compared to young-
er mature reproductive-age rats, suggesting that ovarian
tissue in older animals is more susceptible to oxidative

damage. After treatment with antioxidants, particularly
resveratrol and lycopene, the ovarian mass in middle-aged
rats showed notable recovery, suggesting these antioxidants
might mitigate age-related tissue vulnerability. For mature
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reproductive-age rats, quercetin demonstrated a significant
improvement in ovarian mass, comparable to the results ob-
served in the middle-aged group with resveratrol treatment.

Ovarian weight, mg

Number of follicles, pcs.

Figure 2 provides a detailed analysis of ovarian mass, fol-
licle number, and follicle diameter under the influence
of oxidative stress and various antioxidant treatments.

Average diameter of follicles, um

Weight, mg

Quantity, pes.

Control

Resveratrol Qu in Ly C

Control

Resveratrol Quercetin Lycopene Coenzyme

100

80

=3
S

Diameter, pm

3

Resveratrol Quercetin Lycopene Coenzyme

Control

Figure 2. Analysis of ovarian mass, number, and diameter of follicles

Source: created by the author

In the control group, the ovarian mass was recorded at
7.1%£0.3 mg, accompanied by an average of 10.2 0.4 folli-
cles and a mean follicle diameter of 90.5+ 2.3 pym. Exposure
to oxidative stress induced a noticeable reduction in these
parameters. However, antioxidant treatments demonstrat-
ed varying levels of efficacy in mitigating these effects.
Resveratrol treatment resulted in a significant improve-
ment, with the ovarian mass increasing to 7.8 £ 0.4 mg,
the number of follicles rising to 11.4£0.5, and the average
follicle diameter reaching 92.3 = 2 um. Similarly, querce-
tin treatment showed comparable effects, with an ovarian
mass of 7.6£0.3 mg, 11+0.6 follicles, and a follicle diameter
of 91.8 %+ 1.8 ym. Lycopene treatment displayed moderate
effectiveness in preserving ovarian parameters, with an
ovarian mass of 7.3%0.2 mg, 10.6+0.3 follicles, and a fol-
licle diameter of 91 £2.1 pym. Among all the antioxidants,
ubiquinone demonstrated the most significant impact,
with the ovarian mass increasing to 8 # 0.5 mg, the num-
ber of follicles reaching 12+ 0.4, and the follicle diameter

Weight of corpora lutea, mg

improving to 93+ 1.9 pm. These findings highlight a clear
correlation between antioxidant treatment and the preser-
vation of ovarian structures. The increase in ovarian mass
and follicle number observed in the antioxidant-treated
groups also correlated with improved follicular diameter,
suggesting enhanced ovarian functionality under reduced
oxidative stress. The differential response to antioxidant
treatments underscores the superior efficacy of ubiqui-
none, followed by resveratrol, in counteracting the dam-
aging effects of oxidative stress. Lycopene and quercetin
showed moderate but still beneficial effects, emphasising
their potential use in mitigating oxidative damage. Col-
lectively, these results suggest that antioxidant treat-
ments not only mitigate oxidative damage but also play
a crucial role in maintaining and enhancing reproductive
parameters, with ubiquinone emerging as the most po-
tent among the antioxidants studied. Figure 3 illustrates
the analysis of corpus luteum mass and quantity across
various treatment groups.

Number of corpora lutea, pcs.

0.5

0.4 4

Weight, mg
<3
w

o
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Control Resveratrol Quercetin Lycopene Coenzyme

. ]
ol T I iy o

Number, pcs.
I N
w o

0.5 4

Control Resveratrol Quercetin Lycopene Coenzyme

Figure 3. Analysis of the mass and number of corpora lutea

Source: created by the author
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The left graph represents the average mass of the
corpus luteum in milligrams, while the right graph shows
the average number of corpora lutea per group. The data
reveals significant effects of pyrogenal-induced oxidative
stress and subsequent antioxidant treatment on these pa-
rameters. Oxidative stress caused by pyrogenal resulted in
a marked reduction in reproductive parameters, including
progesterone levels, in both middle-aged and reproduc-
tive-age rats. The decrease in progesterone levels was more
pronounced in middle-aged rats, with a 19% drop compared
to the control group, while reproductive-age rats experi-
enced a 15% reduction. This hormonal decline was accom-
panied by a reduction in corpus luteum mass and quantity,
indicative of impaired luteal function. Antioxidant therapy
showed a restorative effect on these parameters.

Resveratrol was the most effective in middle-aged
rats, restoring progesterone levels to 0.8 ng/ml, which is
nearly equivalent to the control group. This improvement
was paralleled by an increase in corpus luteum mass and

quantity, highlighting the compound’s ability to mitigate
the adverse effects of oxidative stress. In reproductive-age
rats, quercetin demonstrated similar efficacy, significant-
ly raising progesterone levels to 8 ng/mL compared to
only 0.15 ng/mL in the stressed control group. Addition-
ally, quercetin improved luteal structure and function, as
evidenced by increased corpus luteum parameters. These
findings underscore the protective role of antioxidants
like resveratrol and quercetin in counteracting oxidative
stress-induced reproductive damage. Their ability to pre-
serve and restore luteal function and progesterone levels
suggests potential therapeutic applications, particularly
in age-sensitive reproductive systems affected by oxida-
tive stress. The study emphasises the importance of an-
tioxidant interventions in maintaining hormonal balance
and reproductive health. Figure 4 demonstrates the pro-
gesterone levels (nmol/L) across different experimental
groups, highlighting the effects of oxidative stress and
antioxidant treatments.

351
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-
Quercetin

Lycopene Coenzyme

Figure 4. Progesterone levels in groups

Source: created by the author

The control group exhibited an average progesterone
level of approximately 2.5 nmol/L. Pyrogenal-induced ox-
idative stress significantly affected the reproductive hor-
mone profile, but antioxidant treatments effectively miti-
gated these effects. Resveratrol treatment led to a notable
increase in progesterone levels, raising them to nearly
3.0 nmol/L, which represents a significant recovery com-
pared to the control group. Similarly, quercetin treatment
improved progesterone levels to approximately 3 nmol/L,
showcasing its protective efficacy. Lycopene displayed a
moderate effect, restoring levels close to 2.9 nmol/L, slight-
ly lower than those observed with resveratrol or quercetin.
Ubiquinone demonstrated the most pronounced effect,
elevating progesterone levels to approximately 3.5 nmo-
1/L, surpassing all other treatments in effectiveness. The
analysis of antioxidant enzyme activity, including SOD and
GPx, further elucidates the age-dependent responses to
oxidative stress. Middle-aged rats showed reduced base-
line SOD and GPx activities, which were exacerbated un-
der oxidative stress conditions. Resveratrol and lycopene
significantly improved SOD activity in this group (p<0.05),

suggesting their potency in enhancing the antioxidant de-
fence system in older animals. Conversely, quercetin and
ubiquinone were more effective in reproductive-age rats,
increasing GPx activity by approximately 40% compared
to the oxidative-stress-only group. These findings indi-
cate enzyme-specific and age-related differences in the
response to antioxidant therapy. Resveratrol appears es-
pecially beneficial for middle-aged animals, while querce-
tin and ubiquinone offer optimal protection for younger
reproductive-age individuals. The ability of these antiox-
idants to restore hormonal balance and bolster enzymatic
defences highlights their therapeutic potential in mitigat-
ing oxidative stress-induced reproductive dysfunction.
Statistical comparisons confirmed the efficacy of the
antioxidant treatments, with resveratrol demonstrating
a significant impact on SOD activity in middle-aged rats,
yielding a p-value of 0.01. In contrast, quercetin’s effect
on GPx activity in mature reproductive-age rats was also
statistically significant, with a p-value below 0.05, under-
scoring the relevance of these treatments. Additionally,
ovarian mass, corpora lutea mass, and progesterone levels
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were measured and compared between treated and un-
treated groups, with significant improvements observed in
the groups receiving resveratrol and quercetin. The con-
trol groups, which did not receive antioxidant treatments,
served as a baseline for comparison. In these groups, ovar-
ian mass and corpora lutea count were notably lower, with
significant reductions in progesterone levels, indicative
of the detrimental effects of pyrogenal-induced oxidative
stress. For instance, the control group of middle-aged rats
exhibited a marked decline in ovarian mass, with aver-
age values of 85.2 mg, compared to 106.8 mg in the group
treated with resveratrol. Similarly, corpora lutea count in
the control group was reduced to 5.3+ 2, while resveratrol
treatment increased this to 7.6+ 1.7.In the mature reproduc-
tive-age group, untreated rats had an average progesterone
level of 4.2 + 1.1 ng/mL, whereas resveratrol and querce-
tin treatment elevated progesterone to 6.3 = 1.4 ng/mL
and 5.8+ 1.3 ng/mL, respectively.

The observed improvements in ovarian and hormonal
parameters following antioxidant treatment were more
pronounced in the middle-aged group, suggesting that
age-related oxidative damage to ovarian function was
more effectively mitigated by resveratrol and lycopene.
These antioxidants showed the greatest efficacy in revers-
ing age-related deterioration, particularly in maintaining
ovarian reserve and function. Conversely, antioxidants like
quercetin and ubiquinone demonstrated optimal results
in mature reproductive-age rats, with a more noticeable
enhancement in GPx activity and progesterone levels, in-
dicating that these antioxidants may be more suitable for
preserving ovarian health at this stage of reproductive ag-
ing. Figures 1-4 clearly depicted these results, with visual
representations highlighting the differences in ovarian
mass, follicle count, and hormone levels across the two age
groups and treatment types. The control groups consist-
ently showed poorer outcomes, underscoring the efficacy
of antioxidant therapies in mitigating oxidative stress and
preserving ovarian function. These graphical results pro-
vide further support to the notion that age-tailored anti-
oxidant treatments are essential for optimising reproduc-
tive health, where specific antioxidants may be prioritised
based on the individual’s age and oxidative stress status.
The findings collectively advocate for personalised anti-
oxidant interventions, with a focus on adjusting treatment
strategies to effectively address the unique needs of dif-
ferent age groups in preserving ovarian function and hor-
monal balance.

DISCUSSION
The study examining the impact of antioxidant agents on
SOD and GPx enzyme activities across different age groups
provides significant insights into the age-related decline in
antioxidant defence mechanisms and their potential resto-
ration through antioxidant supplementation. The findings
of this study align well with previous research that empha-
sises the role of oxidative stress in aging, particularly in
the context of ovarian dysfunction and fertility decline. A
critical aspect of this study is the marked decrease in base-
line SOD and GPx activities in middle-aged rats, which is
consistent with the notion that aging leads to a compro-
mised antioxidant system. As oxidative stress accumu-
lates, cellular damage increases, and the ability to manage

oxidative stress diminishes, which ultimately impairs ovar-
ian function. This phenomenon is well documented in the
literature, with studies like that of V. Di Nisio et al. [15],
who discussed how postovulatory aging negatively impacts
oocyte quality due to an imbalance in oxidative stress and
antioxidant defence. The authors highlighted how time, or
aging, contributes to a reduction in oocyte quality, further
exacerbating age-related infertility issues. This under-
standing resonates with the findings of the present study,
where the middle-aged rats’ antioxidant defences were
found to be diminished compared to younger, reproduc-
tive-age rats, resulting in increased oxidative damage.

The present study’s treatment with resveratrol and ly-
copene significantly enhanced SOD activity in middle-aged
rats, which aligns with the work of A.T. Perkins et al. [23].
Their research on increased SOD levels in aging oocytes
revealed that elevated SOD activity could suppress meiot-
ic segregation errors, a major contributor to reproductive
aging. The present study’s findings that resveratrol can
effectively modulate SOD activity further support the hy-
pothesis that antioxidants like resveratrol may counteract
the effects of aging on antioxidant enzymes, providing a
mechanism to preserve cellular integrity and reproductive
function in aging organisms. Similarly, the enhancement
of SOD activity in this study adds further evidence to the
theory that antioxidant supplementation can play a pivotal
role in supporting aging oocytes and ovarian tissue against
oxidative stress.

Furthermore, the present study’s findings regarding
quercetin and ubiquinone’s effects on GPx activity in re-
productive-age rats also have parallels with existing lit-
erature, including the work by E. Fonseca et al. [26]. Their
study explored the anti-aging effects of urolithin A on
bovine oocytes, noting its potential to mitigate oxidative
damage and improve oocyte quality in vitro. Urolithin A’s
ability to restore antioxidant enzyme activity in aging oo-
cytes closely mirrors the impact of quercetin and ubiqui-
none observed in the current study, particularly regarding
GPx activity. In the present study, quercetin and ubiqui-
none were found to increase GPx activity significantly, sug-
gesting their potential to enhance the antioxidant defence
system and mitigate oxidative damage, similar to the ben-
eficial effects seen with urolithin A.

The improved ovarian mass, corpora lutea mass, and
progesterone levels observed in the present study’s anti-
oxidant-treated groups further emphasise the therapeutic
potential of antioxidants in combating age-related ovar-
ian dysfunction. This finding is in line with the conclu-
sions of M. Khazaei & F. Aghaz [19], who suggested that
antioxidants could play a crucial role in improving oocyte
quality and ovarian health during postovulatory aging.
Their work implies that the restoration of antioxidant
balance could delay or prevent age-related infertility by
preserving ovarian function, which is directly reflected in
the improvements in ovarian health observed in the pres-
ent study’s middle-aged rats treated with resveratrol and
lycopene. Additionally, the statistical significance of the
effects observed with resveratrol on SOD activity in mid-
dle-aged rats and quercetin on GPx activity in reproduc-
tive-age rats reinforces the strength of antioxidant inter-
ventions in restoring enzymatic activities that are critical
to maintaining ovarian health. This is further supported
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by the studies of K.H. Kim et al. [17], where enhanced
SOD activity was linked to a reduction in meiotic errors
and improved oocyte quality, suggesting a clear pathway
through which antioxidant therapy could improve repro-
ductive outcomes.

In summary, the findings of this study are well-sup-
ported by the existing body of literature on oxidative stress
and antioxidant supplementation, particularly in relation
to ovarian health and age-related fertility decline. The
results of Z. Keshavarzi et al. [5], N. Akino et al. [14], and
E. Fonseca et al. [26] underscore the importance of anti-
oxidant interventions in mitigating the negative effects of
oxidative stress on oocytes and ovarian function, provid-
ing a strong rationale for the use of resveratrol, lycopene,
quercetin, and ubiquinone in age-specific antioxidant
therapies. The present study’s results suggest that these
compounds can effectively enhance antioxidant enzyme
activity, support ovarian function, and potentially delay
age-related reproductive decline, offering a promising ave-
nue for improving fertility outcomes in aging populations.

CONCLUSIONS
This study aimed to assess the effectiveness of antioxidant
therapy in improving ovarian morphology and function in
rats under inflammatory conditions during pregnancy. The
results confirmed that antioxidants significantly reduced
oxidative stress and improved reproductive parameters.
Antioxidant treatment lowered markers of oxidative dam-
age and inflammation, leading to enhanced oocyte quality.
Structural improvements were observed, including reduced
DNA damage and restored cellular architecture, which con-
tributed to better nuclear and cytoplasmic maturation of
oocytes and overall ovarian function. Ubiquinone was the
most effective antioxidant in this study, showing a marked
increase in the activity of antioxidant enzymes such as
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BnsiB aHTUOKCUAAHTIB Ha Mopdonorito Ta PyHKLUiIO SEYHUKIB LLYypIB
3a YMOB 3anaJibHoro npouecy (BaritTHocTi)

B paMKaXx aHasi3y ouiHKM ix aii Ta epeKTUBHOCTI

Ha aaepHe Ta uMTonsiasMaTu4vHe fo3piBaHHS OOLMTIB

AHreniHa Crioapt

AcnipaHT, HayKOBU CMiBPOBITHMK

IHCTUTYT dizionorii iMm. O. O. BoromonbLa HauioHanbHO akageMii Hayk YKpaiHu
01024, Byn. boromonbug, 4, M. KuiB, YKpaiHa
https://orcid.org/0009-0006-5703-4246

AHoTauif. MeTow po60oTH 6yI0 JOCTIINTY BIUIMB PisHUX aHTMOKCUIAHTIB HA MOPHOMYHKI[IOHAIbHI XapaKTepUCTUKIA
SIEYHMKIB BariTHMX LYypiB JiHii BicTap 3a yMOB cMCTeMHOTO 3anajseHHs. EkcriepuMeHTalbHe JOCTiIKeHHS NTPOBeJeHO
Ha 20 cTaTeBO3PIMMX IIypax-caMKax JiHii Bictap, ski 6yau po3nopiieHi Ha I'SITh MiATPYII IO YOTUPY TBAPUHU B KOKHIIA.
lllypu 6ynu po3mopiiieHi Ha Taki IPyMM: KOHTPOJIbHA rpyma (6e3 JIKyBaHHS), TPyna 3 iHIYKOBAaHMM 3allajeHHSIM
(mikyBaHHS JiiMomnosicaxapugamMiu) Ta TPU TPYMM 3 aHTUOKCUMIAHTHMM JIIKYBAHHSM, e OyI0 iHIYKOBAaHO CHUCTEMHE
3arayIeHHs, a CaMUIli OTPMMYBaJIM pecBepaTposl, KBepIieTHH ab0 TiKoIiH. CHcTeMHe 3araneHHs BUK/IMKaIIY 33 JOTTOMOT 00
Jlinomnoixicaxapuay, a pisHi aHTMOKCUAAHTY BBOAM/IN AOCTiI)KYBaHUM IiATPYIIaM MPOTSITOM [€BHOTO Mepiofy 3 TpaBHS
o yepBeHb 2023 poky. JocmigkeHHsT 6y/l0 30cepelkeHO Ha BMBUEHHi BIUIMBY I[MX aHTMOKCUIAHTIB Ha MOp@oorio
00oLMTIB, QYHKIIiI0 MiTOXOHPIif, @ TAKOX Ha PiBHI akKTMBHUX HOPM KMCHIO Ta IMyTaTiOHY. PesynbraTy mokasanu, 1io
JIIKYBaHHSI aHTMOKCUAAHTAMM 3HAUHO MOKpAIMI0 MOPQOJOTiI0 OOLMTIB, 3MEHIIMBLIM aHOMAaii Ta BifZHOBMBIIN
HOPMAaJIbHUI PO3MOAIN MiTOXOHApii. V IIypiB, sIKi OTpMMYyBaiu aHTUMOKCUIAHTM, 3HU3UBCS PiBeHb aKTUBHUX (GOpM
KUCHIO Ta MiABUIIMIACS KOHIEHTPAllisl IyTaTiOHY, [0 CBIJYMUTDb PO 3MEHIIEHHSI OKUCTIOBaJIbHOTO cTpecy. Kpim Toro,
criocTepirasocst 36iJbIIIeHHS eKCITpecii TeHiB, MOB'I3aHUX 3 AHTUOKCUAAHTHUM 3aXVCTOM, IO CBiIUMUTH PO MTOCUIIEHHS
aHTMOKCUIAHTHOI Bignosiai. Ili pesyabTaTyl CBifuaTh Ipo Te, 1[0 aHTMOKCUIAHTU MOXYTb IIOKPaLyBaTH SIKICTh OOLIUTIB
Yy pasi OKCMIATMBHOTO CTpPeCy, CIIPMYMHEHOTrO 3allajJleHHSIM, NPOIOHYI0UM HOBI MOXJIMBOCTI IJ1S1 PeNnpOIyKTMBHOI
6iosorii. [TpakTuuHe 3HAYeHHS Iiei po60TH TMoNATaEe B ii MOTEHIIIHOMY 3aCTOCYBaHHi B PENPOIYKTUBHI MeIUIIVHI,
30KpeMa [j1s1 TIallieHTiB i3 3amajabHUM 6e3IUTiaasIM, Je aHTUMOKCUAAHTHA Teparlisi MOXe CIPUSTHU MOKPaIleHHIO SKOCTi
OOLIUTIB Ta PENPONYKTUBHUX Pe3yIbTaTiB

Knio4yoBi cnoBa: IMOCTOBYJIATOpPHE CTapiHHS; SALIEKTITMHA; aHTMOKCUIAHT; OKMUCIIOBAIbHMII AycOasaHC; KyMapuH
LIUTPYCOBUX
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